Abstract-Insulation coordination models are an essential part of power system studies and are used to determine the expected overhead line back-flashover rate. A study is carried out to investigate and evaluate the effect of lightning stresses on the 132 kV substation in the way to improve its reliability in the event of active lightning activities. This paper also presents the modeling guidelines on substation for this transient analysis in order to evaluate the performance and to recommend such configuration to optimize its design to be not only to withstand the stresses but to be more cost effective. The modeling and simulation are carried out using one of the most powerful power system simulations tools that is PSCAD-EMTDC and the substation layout design is adapted 
INTRODUCTION
Substations can be considered as the most crucial parts in power systems. This is because it consist such an expensive device that is the power transformer which is the essential part to the system to operate as a feeder check point either as stepping up or stepping down the incoming line voltage. There are many studies describing how one could model the substation for transient analysis studies [1] [2] [3] [4] [5] . The equivalent circuit of the substation is basically modeled by a group of important input parameters to represent the elements inside the substation.
Typically, for transient analysis studies, several parts of transmission line properties must also be included in the overall simulation model such as the transmission line which is connected to the substation entrance with a few spans, phase conductor and the transmission line towers. The shield wires are neglected since the substations are normally regarded having a perfect shielding and the voltage stresses penetrating inside the substations are only via the lines due to back-flashover [6] .
II. MODELLING GUIDELINES
There are various modeling strategies for lightning transient studies have been presented elsewhere. Here is the summary of modeling strategies which have been adapted for this work.
A. Substation Model
Most of the substation elements can be modeled by means of surge capacitances [1] [2] [3] [4] . The simplest substation model is modeled by representing only the power transformer surge capacitance neglecting the buswork and conductor elements in the substation. In more complex substation model, other crucial elements such as capacitive voltage transformer and current transformer are also included [1] . To make the model to be as precise as possible, the entire substation elements are modeled. These elements are also being modeled by means of surge capacitances. IEEE Modeling and Analysis of System Transient Working Group (WG) [1] have recommended such guidelines to determine the value of these input parameters. However, these input parameters are always determined by the substation layout which is for different layout may lead to different values.
B. Tower Model
At least two different types of tower representation could be modeled; that are the distributed line model and another is the multistory model [7] . The former always regarded as the simplest tower model, and is widely being used for medium height tower in favor of lines below 500kV whereas the latter is reported for tall tower [7, 8] .
In this work, the distributed with lossless tower model is being used where the surge impedance and the tower travel time of wave propagation are required
C. Tower Footing Resistance
The significant of this aspect could be very crucial for tower modeling. This is because it derives the propagation of voltage reflection within the tower, the lower the resistance is, the lower the peak voltage at the tower top [7] . However, the influence of this element also derives by the surge current; hence make it becomes as a nonlinear element with surge current dependent.
This non-linear element is determined by equations (1) and (2) below, with the tower footing resistance is given by [ 
where R g is the footing resistance at low current and low frequency (ohm), I is the surge current into the ground and I g is the limiting current initiating soil ionization (kA) which given by
where ȡ is the soil resistivity (ohm-m) and E 0 is the soil ionization gradient (≈ 300kV/m) [5, 7] .
D. Arrester Model
Several models of arrester have been described elsewhere in literature [4, 9, and 10] . Most of the arrester models must include two non-linear resistances A0 and A1 as shown in Figure 1 . However, for such different approach, it is basically used a different type of lumped parameter arrangement.
The frequency-dependent surge arrester model which had been recommended by IEEE (WG) 3.4.11 [9] is being used in this work. This is because the model had been reported as the most accurate representation based on single phase line model [10] . The model is shown in Fig. 1 and its non-linear characteristics of the two nonlinear resistances are as shown in Fig. 2 which is the adjustment procedures of all parameters are described in [9] . 
E. Lightning Model
The lightning strokes can be represented by a current source of positive and negative polarity. The magnitude of the current can be as high as 200kA and the influence of its steepness and duration determined the magnitude of the current. In normal practical purpose, a linear rising lightning response had been reported to be sufficient for such simulation study [7] . However, a double exponential waveform is used for this work since it is usually being used in most lightning model strategies.
III. MODEL PARAMETERS
The substation model is modeled based on 132 kV Simpang Renggam -Ayer Hitam substation. The layout drawing and some other data of the station and towers are being provided courtesy of TNB.
A. Our case studies included four cases of investigation concerning the influence of arrester presence in the system. The lightning current is injected at the top of the last tower before entering the substation while voltage level at selected points have been observed as the voltage propagated through the substation. Below is the list of mentioned cases studies; i.
With both arresters are installed ii.
Without both arresters iii.
Only arrester at substation entrance (SA1) is installed iv.
Only arrester at the service transformer (SA2) is installed The voltage level at four crucial points have been monitored as in Figure 3 that are; E1 at the substation entrance, E2 and E3 at the first and second surge arresters, and finally at the service transformer E4. The transformer BIL according to data given by TNB is 550kV with 20% of safety margin. From the results for Fig. 4 and Fig. 5 , it shows that the worst case appeared when there is no arrester installed (Case ii). The probability of failure has been as high as 82% compared to its opposite case which the latter appeared to give 0% of failure probability (Case i).
For the case when there is only one surge arrester is installed to protect the transformer, the best option is to install the protective device at the substation entrance. Otherwise, if only arrester at the service transformer (SA2) is installed (Case iv), the probability of transformer failure is reported to have about 22% of failure risk. Table 2 describes the summary of our case study which the worst case appeared when there is no arrester installed, since 35 kA of lightning current level has already caused the transformer to breakdown. The best option is to comprise at least one surge arrester in the system to protect the transformer and for the case when only SA1 was installed (Case iii), it is the best arrester placement option in order to ensure the voltage level at service transformer within the safety margin in the presence of unpredicted very high transient current level injection. The voltage has been clamped to safety level earlier at the substation entrance as to protect the first equipment that is the capacitive voltage transformer. As the voltage propagates through the system, it is observed that the voltage is still within the safety margin although maximum current is injected to the system. 
VI. CONCLUSION
The modeling concept and parameter selection to model a substation were presented for the simulations of substation performance in order to investigate the failure probability of crucial component in the substation. The validation of the result was earlier compared with previous work done by Savic and Stojkovic to make sure the model was valid. The results showed that the default arrangement of TNB substation (Case i) was over protected which the cost of implementation of such arrangement is high. The placement of arrester is crucially needed in order to optimize the substation performance in term of its reliability and cost effective. It was suggested that the arrester was best suited for optimized performance if it was installed at the substation entrance compared to towards the end of substation connection that was near the service transformer, since the first arrester could deal with and maintain the voltage level within safety range even though with a high current injected. Since the risk of vandalism and mugging activities of TNB equipment was reported to be really critical in recent days, therefore, such optimized substation design is considerably needed in order to have a more cost effective station as well as reducing the risk of reckless behavior by irresponsible public and at the same time maintaining the reliability of the station in the presence of stresses to the system.
